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Intense Pulsed Light Therapy for Superficial Pigmented
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Shingo Wakamatsu2
Intense pulsed light (IPL) therapy is reported to be effective for pigment removal from pigmented lesions.
However, the dynamic mechanism of pigment removal by IPL therapy is not completely understood. We
investigated the mechanism of IPL therapy for the removal of pigmented skin lesions through non-invasive
observation of the epidermis. Subjects with solar lentigines on the face were treated with three sessions of IPL
therapy. The solar lentigines were observed on consecutive days after the treatments using reflectance-mode
confocal microscopy (RCM) and optical coherence tomography (OCT). In addition, desquamated microcrusts
that formed after the treatment were investigated by transmission electron microscopy (TEM). The images of
RCM and OCT showed that the melanosomes in the epidermal basal layer rapidly migrated to the skin surface.
The TEM images of the extruded microcrusts revealed numerous melanosomes together with cell debris. It was
also found that the IPL irradiated melanocytes in the lesions seemed to be left intact and resumed their high
activity after treatment. We conclude that IPL therapy effectively removed the dense melanosomes in the
epidermal–basal layer. However, additional application of suppressive drugs such as hydroquinone or
Q-switched laser irradiation is necessary to suppress the remaining active melanocytes.
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INTRODUCTION
Advanced skin rejuvenation techniques have been developed
for wrinkle- and pigment-removal therapies. Several investi-
gators have reported successful rejuvenation of photoda-
maged and aged skin (Tanzi et al., 2003; Rigel et al., 2004).
Intense pulsed light (IPL) therapy using noncoherent broad-
spectrum light has been reported to be effective for treating
superficial pigmented lesions like ephelides, senile, and solar
lentigines (Kawada et al., 2002a, b; Negishi et al., 2004;
Paquet and Pierard, 2004; Wang et al., 2004). The general
improvement of both pigmentation and deteriorating skin
texture in the aging skin by IPL therapy was also reported
(Bitter, 2000; Weiss et al., 2002; Kligman and Zhen, 2004).
However, only a few investigators evaluated the relations of
chronological changes in IPL-irradiated epidermal-pigmented
cells that contained numerous melanosomes and their
clinical effectiveness. Kawada et al. (2002a) showed histolo-
gical findings in pigmented spots of solar lentigo after IPL
therapy and suggested that the treatment was effective in
elimination of pigments via photothermal effects. In a
previous study, we showed the non-invasive visualization
of human-epidermal melanin using reflectance-mode con-
focal microscopy (RCM; Yamashita et al., 2005). In the
epidermal layer, the majority of melanin is located as
supranuclear melanin caps (Gates and Zimmermann, 1953;
Findlay and Liebenberg, 1976; Byers et al., 2003). The dense
melanin caps in the epidermal–basal layer were clearly
visualized by RCM especially in age-dependent pigmented
lesions (Yamashita et al., 2005). We investigated the efficacy
of IPL therapy with a special reference to the melanin
dynamics of pigmented spots using RCM and optical
coherence tomography (OCT). These techniques allow
visualization of the horizontal (Rajadhyaksha et al., 1995,
1999; Huzaira et al., 2001; Yamashita et al., 2005) and
vertical skin sections, respectively (Pagnoni et al., 1999;
Knuttel and Boehlau-Godau, 2000; de Giorgi et al., 2005).
We also examined the possibilities of our in vivo evaluation
system using RCM and OCT as diagnostic tools in IPL and
laser therapies.
& 2006 The Society for Investigative Dermatology www.jidonline.org 2281
ORIGINAL ARTICLE
Received 19 December 2005; revised 24 March 2006; accepted 16 April
2006; published online 1 June 2006
1Shiseido Research Center, Shin-Yokohama, Yokohama, Japan and 2Aoyama
Institute of Women’s and Natural Medicine, Tokyo Women’s Medical
University, Tokyo, Japan
Correspondence: Dr Toyonobu Yamashita, Shiseido Research Center, 2-2-1
Hayabuchi, Tsuzuki, Yokohama 224-8558, Japan.
E-mail: toyonobu.yamashita@to.shiseido.co.jp
Abbreviations: IEMC, intraepidermal microcrust; IPL, intense pulsed light;
OCT, optical coherence tomography; RCM, reflectance-mode confocal
microscopy; TEM, transmission electron microscopy
RESULTS
Macro-photographic images
The visual and photographic observations of IPL therapy
showed similar clinical patterns in clearing up pigmented
areas in all three subjects (Figure 1). Small spotted areas of
crusted pigmentation, which had been reported as black
microcrusts by Kawada et al. (2002a) were clearly visible
over the pigmented area. We defined this melanosome
accumulation as the intraepidermal microcrust (IEMC), which
is a precursor of the extruding microcrust from the skin
surface. This IEMC gradually desquamated from the skin by
5–7 days. The IEMC formation and extrusion phenomena
could not be seen on the adjacent non-pigmented skin, yet
there were minute scattered spotted areas of pigmentation.
This IEMC phenomenon appeared to be very minor in almost
all of the patients in the second and third sessions. Magnified
pictures of this IEMC process are shown in Figure 2. By day 1,
nebular-like aggregating melanin pigments appeared in the
epidermis which gradually formed denser coagulating IEMC
by day 3. This IEMC formation seemed to depend on the
amount and density of pigments contained in the lesion. The
pictures in Figure 1 also show that the amount of IEMC
formation after the second and third sessions drastically
decreased, which gave the impression of lower efficacy for
pigment removal with the consecutive treatments. A
tendency towards a reduction of pigmentation was observed
in all subjects after the treatments. However, the amount of
pigment removal differed in each subject, which seemed to
depend on the extent of the skin pigmentation. The
observation of the skin color showed transient mild inflam-
mation after the first IPL irradiation. Inflammatory changes
disappeared after a few days and did not lead to postin-
flammatory hyperpigmentation.
RCM images
RCM imaging of a pigmented lesion (solar lentigo) on the face
before IPL therapy clearly demonstrated the enhanced image
of supranuclear melanin caps, in which numerous melano-
somes were aggregated (Figure 3a, bright white spots). The
reflectance signal from melanosomes in the pigmented area
was remarkably higher compared to that of the surrounding
normally colored area (Figure 3a versus b). The epidermal
melanocytes at this stage in the pigmented lesions of solar
lentigines could not be visualized clearly by RCM (Figure 3a)
because of too much interference from the surrounding
melanosomes.
After the IPL irradiation, the distribution of melanosomes
in the RCM images was drastically changed. One of the post
day 1 pictures (18 hours after the treatment) demonstrated
collapsing melanin cap structures in which the melanosomes
were dispersed within the basal keratinocytes (Figure 4). The
structure of melanin caps, clearly observed in the epidermal
layer before IPL irradiation (Figure 3a), could not be
recognized after the irradiation (Figure 4). The RCM
horizontal images (Figure 5a, c, e, g, i) and the reconstructed
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Figure 1. IPL therapy-induced external changes in pigmented lesion
appearance. Photographs of pigmented lesions were taken through three
consecutive sessions of IPL treatment performed as described in Materials and
Methods. Results from only one subject are shown but are representative of
the three subjects studied. Remarkably more microcrusts appeared after the
first IPL session (day 2), leading to a higher extent of pigment removal than
after the second and the third sessions. Bar¼ 1 cm.
Before Day 1 Day 3
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Figure 2. Morphologic changes of microcrusts after the first IPL irradiation.
Images of video microscopy with cross-polarized filter were taken in the same
area of a pigmented lesion. Microcrusts appeared as highly pigmented areas
in the pigmented spots (day 1). The microcrusts gradually became smaller
(day 3) until they sloughed off the skin surface. The hair follicle appearing as a
black circle and the tiny hair shaft before the IPL irradiation are not seen after
the irradiation because they were completely ablated. Bar¼1 cm.
a b
Figure 3. RCM visualization of melanin distribution in pigmented spot.
(a) A solar lentigo on the facial skin was evaluated by RCM focusing on the
epidermal–basal layer. (b) An RCM image of the surrounding area of the solar
lentigo shown in (a). The back-scattered light from the supranuclear melanin
caps (bright white spots) is higher in (a) than in (b). Arrows in both images
show dermal papilla. Bar¼50 mm.
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vertical images (Figure 5b, d, f, h, j) obtained from the stacked
horizontal images before and after the first IPL irradiation are
shown in Figure 5. The melanosomes in melanin caps
seemed to be scattered and appeared as a new ‘‘highly
reflective plate’’ in the RCM horizontal images (Figure 5c:
horizontal section; d: constructed, vertical section). This
highly reflective plate could be melanosomes in the IEMC. In
the RCM vertical images, the plates rapidly migrated upward
to the skin surface in time (Figure 5d and f, arrow 1). In the
day-5 picture, a new reflective layer (Figure 5f, arrow 2)
appeared under the high-reflective extruding IEMC. This
second reflective layer in the epidermis could be the newly
formed stratum corneum, which was confirmed by the
following pictures. A remarkable finding in this study was
that melanocytes were left intact and seemed to transport the
newly produced melanosomes to the surrounding keratino-
cytes through the dendrites. On day 5, when the overlying
microcrusts had cleared, numerous active melanocytes were
apparent in all three subjects by RCM imaging (data not
shown) and could be seen clearly on day 9 (Figures 5g
and 6). By day 20, the reflection due to the melanosomes
dispersing by melanocytes in the epidermal–basal cells was
Figure 4. Dispersion of the melanosomes of the supranuclear melanin caps
in the epidermal–basal layer. An RCM image of solar lentigo 1 day after IPL
irradiation is shown. The melanosome clusters of the supranuclear melanin
caps were dispersed by IPL irradiation. The scattering of the melanosomes
caused high reflection in the RCM image. Bar¼ 100mm.
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Figure 5. RCM visualization of internal skin after the first IPL irradiation of
the pigmented spot. Changes in RCM images in time after the first IPL
irradiation are shown. The horizontal images (upper) and the constructed
vertical images (lower) obtained from stacked horizontal images are shown.
The red, broken lines indicate the corresponding planes imaged in the vertical
and horizontal images. The yellow lines indicate the epidermal–dermal
junction. (a and b) Before IPL irradiation, a high reflection from the
supranuclear melanin caps (bright white spots) in the epidermal–basal layer is
seen. (c and d) On day 2, a high-reflective layer (arrow 1) is observed in the
RCM vertical image. (e and f) On day 5, a high-reflective layer has rapidly
migrated to the skin surface as noted in the vertical image. Moreover, another
different reflective layer (arrow 2) was recognized. (g and h) On day 9,
numerous melanocytes in the basal layer were observed in the horizontal
image. (i and j) On day 20, the intensity of reflection of the basal layer had
increased, however, no melanocytes are visible. Bar¼100 mm.
a b c
Figure 6. Visualization of melanocytes images after the first IPL irradiation
on day 9. (a–c) Activated melanocytes were recognized in pigmented spots on
day 9 in all subjects studied. This was also observed in the second and third
sessions (data not shown). Bar¼ 100mm.
a
b
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Figure 7. Differences in RCM images before and after IPL sessions. (a–c)
Solar lentigines of three subjects before and after IPL session were imaged by
RCM. The reflectance level due to melanin in the epidermal–basal layer of all
subjects decreased with each subsequent session (second session: data not
shown). Bar¼ 100mm.
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increased, however, clear supranuclear melanin caps were
not yet formed.
The comparative RCM pictures of three subjects before
and after the sessions are shown in Figure 7. Overall, a high
reflectance indicates a high concentration of melanosomes in
the epidermal–basal layer. Supranuclear melanin caps with
high reflection in RCM images were observed before the first
session (Figure 7, left), however, the intensity of the reflection
of the supranuclear melanin caps gradually decreased with
each subsequent session (Figure 7, middle and right: first and
third sessions, respectively; second session is not shown).
This phenomenon coincided well with the clinical results of
the subjects’ high degree of satisfaction after their first
session, but they were not as satisfied after the second and
third sessions. Moreover, comparing the RCM images among
the three subjects, the IPL therapy was more effective in
pigment removal with higher and clearer supranuclear
melanin caps reflection than in those with less reflection.
These results suggested that the photothermal effects of IPL
therapy for pigment removal are closely related to melanin
density and distribution.
OCT images
The OCT images of the epidermal layer were thicker in the
pigmented spots (Figure 8, left) compared to the surrounding
normal areas (data not shown) or the control sites on the
opposite side of the face (Figure 8, right). The thickness of the
pigmented spots gradually became normal after the second
and third sessions. There was no remarkable change as to the
thickness of the normal skin after any irradiation. The OCT
images also showed that the microcrusts in the epidermis
rapidly migrated upwards (Figure 9) in accordance with the
RCM images.
Electron microscope pictures and the analysis of microcrusts by
transmission electron microscopy
The microscopic structure of the microcrusts collected
after the extrusion from the skin surface was analyzed
using transmission electron microscopy (TEM). Numerous
melanosomes were observed in the microcrusts as shown in
Figure 10 together with cell debris. The melanosomes in the
microcrusts were not disrupted as with post-Q-switched laser
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Figure 8. OCT imaging of the epidermis of solar lentigines. (a–c) OCT images
of solar lentigines and non-pigmented areas on the opposite side of the face of
three individuals are shown. The epidermal layers in solar lentigines
(pigmented lesions) were thicker than in non-pigmented areas (control).
Bar¼100 mm.
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Figure 9. OCT visualization of vertical skin sections after the first IPL
irradiation. (a) Before IPL therapy. (b–d, arrows) Rapid migration of the
microcrust to the skin surface is also observed by OCT corresponding to the
RCM images (Figure 5). The epidermal thickness has become thinner by day
5. Bar¼100 mm.
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Figure 10. Microscopic structure of microcrust imaged by TEM. Many
melanosomes are observed in the microcrust that sloughed off the skin surface
of a pigmented spot. (a) Melanosomes in the microcrust. (b) The vertical block
image of the microcrust constructed by TEM images. Arrows 1–3 show: the
stratum corneum, melanosomes and a part of the newly synthesized stratum
corneum, respectively. Bar¼500 nm.
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IPL irradiation melanosomes (Figure 10a) and showed the
same intact shape as those in the epidermal–basal layer. The
TEM picture of the vertical section of the desquamated crust
revealed that there was an old stratum corneum structure in
the most superior layer (Figure 10b, arrow 1), a thin layer of
melanosomes in the microcrust (Figure 10b, arrow 2), and a
part of the newly formed stratum corneum in the basal layer
(Figure 10b, arrow 3).
DISCUSSION
The process of pigment removal with IPL therapy
The theory of selective photothermolysis explains how the
controlled absorption of thermal energy by targeted chromo-
phores leads to their destruction without significant thermal
damage to surrounding normal tissue (Anderson and Parrish,
1983). The laser with a pulse width of o50 nanoseconds is
effective for the specific disruption of melanosomes and the
selective damage of pigmented basal cells in the skin of
Caucasians. Our data show that IPL therapy is also effective
in removing melanosomes. The TEM analysis of melano-
somes in microcrusts, that appeared on day 5 after IPL
irradiation suggested that IPL therapy causes denaturation of
melanin caps-containing cells that trigger the chain reaction
of accelerated differentiation of basal keratinocytes. The
process of degradation of melanosomes is not completely
understood in normal skin, but we believe that most of the
melanosomes become degraded in the spinous and granular
layers before the formation of the stratum corneum (Boissy,
2003). According to our data, the mechanism of IPL
photothermolysis of pigmentary lesions consists of promoting
a rapid differentiation of keratinocytes, accompanied by an
upward transfer of melanosomes along with necrotic
keratinocytes, which results in the elimination of melano-
somes as the microcrusts are removed from the skin.
Pigment removal by IPL therapy differs from that of Q-switched
laser
The IPL pulse duration is on the order of milliseconds which
is much longer than that of Q-switched lasers. In considering
the thermal relaxation time of a given target, in the case of a
melanosome, photothermolysis requires a pulse duration of
nanoseconds, which is deliverable by Q-switched lasers
(Anderson and Parrish, 1983). Therefore, the target of IPL
therapy should be pigment-containing cells and/or localized
pigmented areas, because the longer pulse duration causes
thermal diffusion from melanosomes to their surroundings.
This difference of the pulse duration between IPL and Q-
switched laser leads to various different effects, excepting that
both stimulate a rapid differentiation of epidermal cells by the
heating effect. Firstly, the immediate ‘‘whitening phenom-
ena’’ that occur soon after Q-switched laser irradiation could
not be observed in our IPL therapy. The whitening
phenomena are suggested to reflect the vacuolization of
superficial pigments due to Q-switched laser impact (Kopera
et al., 1997). Therefore, there is possibility that the
vacuolization does not occur after IPL irradiation. Secondly,
when a solar lentigo is irradiated by a Q-switched laser, a
crust appears from the whole irradiated pigmented area. In
contrast, the IPL pulse produces many microcrusts which
appear from higher pigmented areas in the solar lentigo
(Figures 1 and 2). Thus, the IPL response seems to be limited
to the localized pigmentation and/or dense melanosomes,
which is not the case for Q-switched lasers. Our data suggest
that IPL therapy is efficient in reducing the high color contrast
due to localized pigmentation without injuring the normal
skin area.
IPL therapy after pigment removal
The RCM analysis of melanocytes on day 5 after IPL irradiation
suggested that melanin-producing activity continued in the
pigmentary lesions and explained the presence of a large
amount of melanosomes within the melanocytes at that time.
This phenomenon was not observed, however, in the adjacent
normal area of the pigmented lesions where no melanocytes
could be detected by RCM, despite the fact that IPL was
irradiated at the same time. Additionally, these same findings
were also seen in the second and the third sessions (data not
shown). Possible explanations for these RCM results are: (1) IPL
irradiation does not affect melanocytes; (2) even if some mel-
anocytes are damaged, those that do survive may proliferate
rapidly and in a more activated form; or (3) migration of
melanocytes from adjacent area and/or hair follicles, could
occur. Direct RCM imaging could not detect melanocytes with
a smaller amount of melanosomes, therefore, further histolo-
gical studies are warranted to better understand the changes in
melanocyte activity after IPL irradiation.
To remove phototropic pigmentation or to achieve a full-
face skin lightening, IPL therapy provides satisfactory results
when melanocyte activity is low (Negishi et al., 2001, 2004;
Wang et al., 2004). On the other hand, our results of IPL
therapy for more severely pigmented lesions seem to be
limited. Although the melanosomes in these heavily pigmen-
ted lesions were temporarily almost removed as extruded
microcrusts (Figure 1), the fact that active melanocytes were
left behind suggests that the pigmentation may recur.
Therefore, for clinical purposes, IPL therapy in combination
with melanin-suppressive drugs such as hydroquinone that
inhibit tyrosinase activity, could afford better results than IPL
therapy alone.
IPL therapy (i.e., number of sessions, duration, energy of
irradiation, and interval between treatments) requires further
investigation to obtain satisfactory pigment removal. In the
present study, RCM imaging revealed that the efficacy of IPL
therapy for superficial pigment removal is dependent upon
the melanin density and distribution in the epidermis.
Additional clinical microscopic studies using RCM and
OCT will help to further develop IPL therapy.
MATERIALS AND METHODS
Subjects
This study was conducted according to the Declaration of Helsinki
Principles and approved by the ethics committee for human studies
of Tokyo Women’s Medical University and Shiseido Co., Ltd. Three
healthy Japanese subjects, with Fitzpatrick skin type IV, presenting
with pigmented lesions on the face and who gave informed consent,
were enrolled in this study.
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IPL treatment
We used Quantum SR with a 560–1200 nm filter (Lumenis,
Yokneam, Israel). Parameters were double pulses 2.8 and 5.0 milli-
seconds with a delay time of 20 milliseconds at a fluence range of
23–26 J/cm2. The pigmentary spot (solar lentigo) of subjects received
three consecutive sessions of IPL treatments at 3-week intervals.
Non-invasive observation of the process of pigment removal
after IPL therapy
The efficacy of IPL therapy for solar lentigo was evaluated by non-
invasive observation using RCM and OCT. Skin color changes were
imaged by a digital camera (Coolpix 4500, Nikon, Tokyo, Japan)
before and after IPL irradiation. In addition, the microcrusts
appearing on the skin surface after IPL therapy were investigated
using TEM (H-7600, Hitachi High-Technologies Corp., Tokyo,
Japan).
RCM
A commercially available RCM (Vivascope1000, Lucid Inc.,
Henrietta, NY) equipped with an  50 oil immersion lens (Nikon,
Tokyo, Japan) was used (Rajadhyaksha et al., 1995, 1999; Huzaira
et al., 2001). This microscope uses an 830 nm diode laser operating
at a power o2 mW. The power and the detection gain were
maintained constantly throughout the measurements before and after
IPL therapy. The RCM enables one to observe the specific horizontal
reflectance image at a specific depth in the skin. To adjust the
observation position, we controlled the Z-axis of the objective lens
with a computer-controlled stepping motor which allows moving the
focal plane of the RCM image to a specific depth.
OCT
An OCT apparatus (SkinDex 300, ISIS Optronics GmbH, Mannheim,
Germany) equipped with a charge-coupled device camera for
positioning the observed skin site was used (Pagnoni et al., 1999;
Knuttel and Boehlau-Godau, 2000; de Giorgi et al., 2005). It
provides two-dimensional, vertical images of skin sections non-
invasively in only a few seconds. The axial and lateral resolutions of
the OCT images were 3 and 5 mm, respectively. Although the image
resolution of OCT is not as high as the RCM horizontal skin image,
which enables visualization of single cells, the geographical
architecture of the epidermal layer can be assessed vertically by
OCT, which is not possible with the usual low-resolution ultrasound
imaging.
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